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Studies with Female Mice

Data from female mice are not as extensive as those for male mice
and are limited by the fact that most data are from mature and maturing
oocytes. The adult female may be fertile only for about 6 weeks following
a single exposure of 100 rad or more because of the killing of oocytes at
their resting stage in the process of oogenesis, the dictyate stage. For those
circumstances in which fertility does continue, no significant increase in the
mutation rate has been seen for conceptions occurring 7 weeks or later
after irradiation (Ru77, Ly79). This observation incorporates data from
many experiments that have provided a total of 325,000 offspring and only
4 observed mutants. This approximates the spontaneous mutation rate.

The procedure for estimating the induced mutation rate for maturing
oocytes has involved some controversy, which was discussed in Note 9,
Chapter IV of BEIR III (NRC80) and by UNSCEAR (UN77, UN82). In
simple terms, the controversy arose from differences in the interpretation
applied to the mutation rate data that would account for (1) the observed
nonlinear response to single doses and (2) a vanishingly small mutation
response to low-dose-rate exposures. The alternative interpretations con-
cerned the emphasis placed upon a more classical cytogenetic model for the
mutational event (Ab76) compared with that on the existence of complex
repair mechanisms (Ru58, Ly79). At present, the issue is moot, because, as
Denniston (De82) noted in a review of genetic risk estimates, curve-fitting
cannot resolve the controversy, given the lack of adequate data.

The spontaneous mutation rate estimated in the female has been an
integral part of the noted controversy, because, of the eight spontaneous
mutations reported by Russell over a series of studies (Ru77), two occurred
as single events and six occurred in one cluster. Lyon et al. (Ly79) concur
with Russell (Ru77) in the position that the cluster should be treated as
one event, for a total of three events, giving a spontaneous rate of 2.1
x 10~6/locus. Upper and lower estimates would be 1.4 x 10~6 and 5.6
x 10~6 respectively, depending upon the assumptions that either three or
eight events would be used. The assumption of two events was included in
the analysis presented by Lyon (Ly79), but this assumption is not favored
by either Russell or Lyon.

The response of mature oocytes to single doses of x rays delivered
at 50 R/minute or greater is distinctly non-linear, concave upward, over
the dose range of 50 R to 600 R. For progeny conceived during the
first week after exposure, a linear-quadratic equation gives a linear term
of 39 x 10~8/locus/rad (Ly79). Data from the first full 6 weeks, while
less complete than those for the first week, indicate that the nonlinear
response persists and the mutation rate (linear term) remains high, with
the possibility it can approach a value of 50 x 10~8/locus/rad (Se74,